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General Methods:
Chemical Shifts are given in ppm. The TMS signal is taken as the reference (δ = 0.00 ppm). Coupling constants (J) are given in Hertz (Hz). All 1 H and 13 C NMR spectra were obtained for substances dissolved in CDCl 3 . Proton chemical shifts are reported in ppm relative to CHCl 3 (δ = 7.26 ppm).
13 C chemical shifts are reported in ppm relative to CHCl 3 (δ = 77.16 ppm). 1 H-and 13 C-NMR assignments were confirmed by DEPT and 2D COSY. Thin layer chromatography was performed on precoated aluminium sheets (silica gel 60 F254) purchased from E. Merck (layer thickness 0.2 mm). The TLC plate was treated by staining with a solution prepared from 2 g KMnO 4 , 20 g K 2 CO 3 , 5 mL of NaOH solution (5 %) in 300 mL water and developed by heating with a heat gun. Melting points were measured with Bamstead Electrothermal 9100 apparatus. Elemental analysis was performed on Flash Elemental Analyzer 110 series. All solvents and reagents used were purified and dried according to standard methods. N-hydroxybenzimidoyl chloride was prepared according to literature 1 starting from benzaldehyde.
2,2-dimethyl-acetoacetic acid methyl ester (4)
To a vigorously stirred solution of methyl acetoacetate (5.0 g, 43.05 mmol) in DMF, K 2 CO 3 (3.5 eq., 150.7 mmol, 20.82 g) was added, after 1 hour stirring, MeI (3.5 eq., 150.7 mmol, 21.39 g) was added at room temperature under nitrogen gas. To this reaction mixture a catalytic amount of bmimBF 4 (15% mol, 6.46 mmol, 1.46 g) was added, then the mixture was stirred overnight.
The reaction mixture was filtered and the solid was washed with ether, the filtrate was diluted with water (200 mL), and extracted with ether (3 x 100 mL), washed (brine) and dried (MgSO 4 ), filtered and concentrated to give 5.02 g (81%) of yellowish oil. 
4-bromo-2,2-dimethyl-acetoacetic acid methyl ester (5)
47.77 g (2.5 eq., 213.89 mmol) of CuBr 2 was poured in 100 mL of ethyl acetate, brought to reflux, and then 12.3 g (85.55 mmol) of 4 in 10 mL of ethyl acetate was added to the mixture, refluxed overnight. Next, the mixture was cooled to room temperature, and rest of CuBr 2 was washed with ethyl acetate, then the filtrate was concentrated to give 18.42 g (97% crude) of yellowish oil, used for the next step without further purification. 
1-benzyl-3,3-dimethylpyrrolidin-2,4-dione (6)
To 680 mg (3.05 mmol) of 5 in 30 mL THF, 653 mg(2 eq., 6.1 mmol) of benzyl amine was added at -10 o C , stirred for 1 h (temperature allowed to rise) then quenched with 30 mL HCl (2 N). The mixture was added to water (30 mL), partitioned against ether (3 x 30 mL), washed (brine), dried 3 with MgSO 4 , filtered and concentrated to give 600 mg of yellowish oil, which was chromatographed (SiO 2 , column 1 cm x 15 cm, Petroleum ether/ethyl acetate 9:1 gradually until 1:1) to yield 310 mg (47%) of yellowish oil. 53.9 (t, C-5), 128.3, 128.6, 129.2 (3 d, o-, m-, p-C of C 6 H 5 1-benzyl-3,3-dimethyl-5-methylenepyrrolidin-2,4-dione (7)
To a solution of 6 (170 mg, 0.78 mmol) in 20 mL THF, 316 mg (3.13 mmol, 4 eq) of diisopropyl amine was added and refluxed for 30 min. Next, 126 mg (1.56 mmol, 2 eq) of formaldehyde in 10 mL THF was added to the mixture and refluxed for 4 hours, H 2 O (10 mL) was added to the mixture and refluxed overnight. The reaction mixture was quenched with 5 mL HCl (2 M), then added to water (15 mL) and partition against ether (2 x 30 mL), washed with brine (20 mL), and dried with MgSO 4 , filtrated and concentrated in vacuum to give 139 mg (78 %) of analytically and spectroscopically pure pyrrolidin-2,4-dione 7 in the form of a colorless solid (m.p. 117-118 o C). 
2,3-O-Cyclohexylidene-(S)-glyceraldoxime (9)
To a mixture of H 2 O/ethyl acetate (3:1, 500 mL) 1,2:5,6-di-O-cyclohexylidene-D-mannitol 10 (30.0 g, 87.6 mmol) was added and the pH adjusted to 8-9 by addition of NaOH solution (ca. 3 mL, 1.0 N). Next, sodium periodate (18.73 g, 87.60 mmol) was added portion wise, then the mixture was stirred at room temp. for 2.5 h. The organic phase was extracted with ethyl acetate (5 x 75mL) and the combined organic solutions were dried (MgSO 4 ) to give, after evaporating the solvent (50 mbar), 29.2 g ("98%") of a colorless oil.
The oil was dissolved in 400 mL MeOH and 90.0 g (378 mmol) of K 2 CO 3 and 23.1 g (333 mmol) of NH 2 OH.HCl (dissolved in 400 mL H 2 O) were added at 0 o C. The mixture was stirred overnight. The total volume was then reduced to one third by evaporation (15 mbar, 50 o C) followed by extraction with CH 2 Cl 2 (5 x 60 mL). The combined organic solutes were dried (MgSO 4 ) and concentrated in vacuo (5 mbar), then the residual oil was filtered through silica gel (column 2 cm x 5 cm, petroleum ether/ethyl acetate 6:4) to yield 31.2 g of the oxime 10 as a colorless oil (97%, E:Z = 60:40). The analytical and spectroscopic data were in accordance with the literature 5 .
The 
2,3-O-Cyclohexylidene-D-glycerohydroximoyl chloride (10)
According to literature 6 , 10.4 g (77.94 mmol) of NCS was added portion wise to a solution of 26.24 g (141.7 mmol) 2,3-O-cyclohexylidene-D-glyceraldoxime 9 in 200 mL of abs. DMF. HCl gas (from HCl vapor on bottle with conc. HCl 37%) was then introduced by means of a syringe into the solution several times until the reaction started (the color changed to green). After 5 min, a second portion of NCS (10.4 g, 77.94 mmol) was added and the reaction was kept with stirring for 3 h at room temp. To this mixture 500 mL of ice water was added, then it was extracted with ether (5 x 75 mL). The extracts were washed with water (2 x 100 mL) and dried (MgSO 4 ). Finally, the solvent was evaporated (10 mbar) to afford 30.87 g of the hydroximoyl chloride 10 (99 %) as green oil. The analytical data complied with the literature values. 
(5R)-Ethyl 6-benzyl-8,8-dimethyl-7,9-dioxo-1-oxa-2,6-diazaspiro[4.4]non-2-ene-3-carboxylate (12)
To 1.0 g (4.36 mmol) of 7 in 100 mL ether, 800 mg (5.28 mmoL, 1.2 eq) of Ethyl Chlorooximidoacetate was added with stirring at 0 o C. To this reaction mixture 10.56 mL (0.5 M, 5.28 mmol, 1.2 eq) of triethylamine solution in ether was added drop wise with a rate of 8-10 drops per min, and then kept stirring overnight. The mixture was quenched with HCl (50 mL, 1.0 M), partitioned against ether (3 x 50 mL), and the combined organic phases were washed with sat. NaHCO 3 (50 mL), water (2 x 50 mL), and then dried (MgSO 4 ), filtered and concentrated to give 1.60 g of crude yellowish oil, which was chromatographed (SiO 2 , column 2 cm x 15 cm, Petroleum ether/ethyl acetate 9:1 gradually until 7:3) to yield after crystallization from ether 910 mg (61%) of 12 as colorless crystals (m.p. 99-100 o C), It was possible to get X-ray structure of 12. To 650 mg (2.84 mmol) of 7 in 100 mL ether, 750 mg (3.41 mmoL, 1.2 eq) of 2,3-OCyclohexylidene-D-glycerohydroximoyl chloride 10 was added with stirring at 0 o C. To this reaction mixture 7.5 mL (0.5 M, 3.75 mmol, 1.1 eq) of triethylamine solution in ether was added drop wise with a rate of 8-10 drops per min, and then kept stirring overnight. The mixture was quenched with HCl (50 mL, 1.0 M), partitioned against ether (3 x 50 mL), and the combined organic phases were washed with sat. NaHCO 3 (50 mL), water (2 x 50 mL), and then dried (MgSO 4 ), filtered and concentrated to give 1.81 g of crude yellowish oil, which was chromatographed (SiO 2 , column 2 cm x 15 cm, Petroleum ether/ethyl acetate 9:1) to yield 502 mg (43%) of (5S)-6-Benzyl-3-( (1S , 21.7 (q,C-1"), 38.8 (t,C-4), 42.9 (t, C-1'), 44.8 (s, C-8), 97.6 (s, C-5), 125.0,126.9,127.9, 128.0, 128.9, 129.5 (6d, o-, m-, p 0, 21.7 [2q, C(CH 3 ) 2 ], 39.0 (t,C-4), 42.9 (t, C-1'), 44.8 (s, 55.4 (q, OCH 3 ), 97.5 (s, 114.2, 120.3, 127.9, 128.1, 128.4, 128.9 (6d, p The mixture was quenched with HCl (30 mL, 2.0 M), partitioned against ether (3×50 mL), and the combined organic phases were washed with sat. NaHCO 3 (50 mL), water (2×50 mL), then dried over (MgSO 4 ), filtered and concentrated to give 1.50 g of crude yellowish oil. Crystallization from ether produced 1.10 g (65 %) of 16 as yellowish crystal (m.p. 96-97 o C). ], 38.7 (t,C-4), 42.9 (t, C-1'), 44.8 (s, C-8), 97.5 (s, C-5), 125.4, 126.9, 127.0, 127.9, 128.0, 128.8, [6d, o-, m-, p 13 C NMR (CDCl 3 ): δ = 15.3 (q, C-2") , 20.0, 21.7 [2q, C(CH 3 ) 2 ], 28.8 (t, C-1"), 38.8 (t,C-4), 42.9 (t, C-1'), 44.8 (s, C-8), 97.6 (s, C-5), 125.2, 126.9, 127.9, 128.0, 128.3, 128.9 (6d, o-, m- , p-C of CH 2 C 6 H 5 C 6 H 4 CH 2 CH 3 ), 136.8 (s, i-C of CH 2 C 6 H 5 ), 147.6 (s, i-C of C 6 H 4 CH 2 CH 3 ), 155.7 (s, C-3), 175.6 (s,C-7), 207.0 (s,C-9). 
